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HOT AIR CIRCULATION FURNACE 

TECHNICAL FIELD 

[0001] The present invention relates to a hot-air circulation furnace for heating a material 
to be heated to a predetermined temperature or for performing a certain heat treatment by 
hot air circulating in the furnace. More particularly, the present invention relates to a hot-air 
circulation furnace suitable for heating of a material, such as T6 heat treatment on an 
aluminum alloy, in which it is comparatively difficult to set the desired thermal head (a 
temperature difference between a material to be heated and an atmosphere surrounding 
the material). 

BACKGROUND ART 

[0002] Conventional hot-air circulation-type heating furnaces include, for example, one 
such as shown in FIG. 9 (Japanese Patent Laid-Open No. 2002-173708). This heating 
furnace has a furnace body 101 made of fire-resistive material and a 
heating-target-accommodating casing 1 02 in the form of a cylinder opened at its upper and 
lower ends and arranged coaxially with the furnace body 1 01 . In this heating furnace, hot 
air generated by a burner 105 provided on a furnace bottom portion is forcibly circulated 
as a spiral flow by convection caused by a circulating fan (sirocco fan) 1 04 provided above 
the heating-target-accommodating casing 102 to increase, at a high rate of i ncr e as e, the 
temperature of a material W to be heated. The heating furnace is arranged so as to form 
a circulating flow of the hot air such that the hot air is drawn into the 
heating-target-accommodating casing 102 through the bottom of the 
heating-target-accommodating casing 102 bythe rotation ofthe circulating fan 104, passes 
through the heating-target-accommodating casing 1 02, and is blown out of the circulating 
fan 1 04 into a circulation path 1 03 between the heating-target-accommodating casing 1 02 
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and the furnace body 101 surrounding the heating-target-accommodating casing 102 to 
flow downward. A door 1 07 is provided at a second heating-target-transport opening 1 06 
of the heating-target-accommodating casing 102. The circulation path for uniform 
circulation of the hot air through the entire circumferential region between the furnace body 
101 and the heating-target-accommodating casing 102 is maintained by closing the door 
1 07. The material W to be heated is moved into or out of the furnace by opening a door 
109 at a first heating-target-transport opening 108 and the door 107 at the 
heating-target-accommodating casing 1 02 in the furnace body 1 01 , and heat treatment is 
performed as a batch treatment. 

[0003] As an ordinary continuous-type furnace, a long tunnel-type furnace not shown in the 
drawings exists in which a material to be heated carried into the furnace through a 
heating-target-carry-in opening at one end is heated to a predetermined temperature while 
being moved toward a heating-target-carry-out opening at the other end. 

[0004] Since batch type treatment is carried out in the heating furnace shown in FIG. 9, 
there is a problem described below. Each time a material to be heated is carried into or out 
of the furnace, a large amount of in-furnace hot air flows out of the furnace and cold air 
outside the furnace flows into the furnace. The interior of the furnace is thereby cooled. 
Therefore, the thermal efficiency is low and the treatment time is long. 

[0005] Also, since the circulating fan 1 04 used in this furnace is a sirocco fan constructed 
so that blades are exposed, there is a problem that in actuality the desired circulating flow 
is not generated and high-rate heating cannot be achieved. The amount of air caused by 
a sirocco fan to flow is determined by the design of a casing surrounding the sirocco fan. 
If the blades of a sirocco fan are exposed without being covered with a casing, the desired 
amount of flowing air cannot be obtained. Therefore, if only a sirocco fan having its blades 
exposed is provided, it is incapable of static-pressure recovery and only agitates air around 
the fan, resulting in a failure to generate a flow circulating through the entire furnace. 
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[0006] Even if a casing is provided to obtain the desired amount of flowing air, tine 
circulating flow is generated as a spiral and is, therefore, formed in a one-sided condition 
and hot air cannot be brought into uniform contact with the material to be heated. Thus, 
there is a problem that heating unevenness occurs easily. 

[0007] Moreover, in the case of heating by hot air circulating while forming a spiral, the 
interior of the furnace cannot be divided into a heating zone and a soaking zone. For this 
reason, it takes time to increase the temperature of the material to be heated to a 
predetermined point. The influence of this is considerable particularly in the case of heating 
of a material to be heated such as aluminum with which it is difficult to set a large thermal 
head. For example, annealing (solution annealing) of an aluminum alloy is performed at 
a temperature close to the melting point (softening point) of the aluminum and it is, 
therefore, impossible to reduce the temperature rise time (time required for reaching the 
solution annealing temperature) by setting a large thermal head because of the risk of 
solution damage to or deformation of the material to be heated. Thus, increasing the 
temperature of a material to be heated necessarily depends on heating by convection heat 
transfer in the case of a furnace in which heating by radiation heat transfer is limited due 
to the existence of a limit furnace temperature. In ordinary cases of T6 treatment in a 
medium temperature range of about 500 °C, the thermal head is small and, therefore, the 
proportion of the amount of heating by convection heat transfer is increased while the 
proportion of the amount of heating by radiation heat transfer is reduced. The amount of 
heat transfer by convection heat transfer in the case of using a basket is about 85% and 
the amount of heat transfer by radiation heat transfer is about 1 5%. Since the heating 
power by convection heat transfer is determined by a function of the flow rate and the flow 
velocity of the heated fluid, it is very important to suitably design the circulating fan. In 
actual designing of the furnace, however, the flow rate or the flow velocity of the circulating 
fan cannot be increased without limitation and there is a limit to the increase in size of the 
fan to be installed in relation to the size of the furnace body. That is, it is difficult to improve 
the heating power by convection heat transfer if the furnace body is small. 
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[0008] Further, since a material to be heated is placed at a center of the furnace body 2 
and since the circulating path is provided therearound, there is a problem that the amount 

of dead space is large; the treatable amount of material to be heated is reduced with 
respect to the furnace capacity; and the heating efficiency is low. 

[0009] In the case of the tunnel-type continuous treatment furnace, there is a problem that 
the size of the furnace body is increased. In particular, in the case of heating of a material 
to be heated such as aluminum with which it is comparatively difficult to set the desired 
thermal head, the required heating time is long and there is a tendency toward a further 
increase in the length of the furnace. 

[001 0] On the other hand, the form of production has changed continuously and diversified 
and demands for various heating facilities and heat treatment facilities other than the 
existing demand for reducing the production cost by using a large continuous furnace have 
arisen in relation to the materials and forms of products, the amounts of production and so 
on. For example, it is desirable that a heat treatment furnace of a small amount of 
processing should be placed at an end of a casting line to enable a produced casting to 
be directly heat treated in the final step of the casting line, whereby the need for the 
wasteful method of temporarily cooling a casting and thereafter heating the casting from 
ordinary temperature is eliminated. Also, in production of an aluminum casting, there is a 
need to heat the materials one by one to perform primary heating, secondary heating, 
solution annealing and age-hardening. In such a case, it is desirable to provide a heat 
treatment furnace of a small amount of processing capable of carrying in, transporting and 
carrying out pieces of material to be heated one by one. The same can be said with 
respect to nonferrous metal alloys and steel as well as aluminum products. Such a demand 
cannot be easily met by using a conventional large tunnel-type continuous furnace 
presupposing large-amount treatment. 

[0011] It is, therefore, an object of the present invention to provide a continuous-type 
hot-air circulation furnace small in size but having a large throughput. Another object of the 
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present invention is to provide a hot-air circulation furnace capable of uniformly heating a 
material to be heated. Still another object of the present invention is to provide a hot-air 
circulation furnace capable of forming a heating zone and a soaking zone. 

DISCLOSURE OF THE INVENTION 

[0012] To achieve the above-described object, according to the present invention, there 
is provided a hot-air circulation furnace comprising: a furnace body having a heat source 
and a rotating hearth; a heating-target mount having a heating-target mount shelf, which 
Is provided at a position on the rotating hearth closer to the outer periphery of the rotating 
hearth along a peripheral wall of the furnace body, on which a heating-target is mounted 
so that the heating-target can be carried in or carried out in a radial direction, and through 
which a circulating flow can pass along a vertical direction; an axial-flow fan, which is 
provided in the vicinity of a roof of the furnace body, and which draws in hot gas in a 
direction from its outer periphery toward its central portion and blows out the hot gas 
toward the rotating hearth; and an annular partition, which separates the interior of the 
furnace into an outer peripheral region in which the heating-target mount is installed and 
an inner region inside the outer peripheral region, and which defines paths in which the 
circulating flow is reversed in the vicinity of the rotating hearth of the furnace body and in 
the vicinity of the roof of the furnace body. 

[001 3] Accordingly, the hot air supplied from the heat source forms circulating flows blown 
out by the axial-flow fan into the space in the inner region inside the annular partition, 
moving downward toward the hearth along the annular partition, flowing out of the annular 
partition via the path in the vicinity of the rotating hearth, moving upward while passing 
through the heating-target mount shelf of the heating-target mount, again heated by the 
heat source or mixed with hot air supplied from the heat source so that the temperature of 
the hot air is increased to a predetermined point, and thereafter drawn into the axial-flow 
fan, i.e., flows circulating between the inner region inside the annular partition and the outer 
peripheral region outside the annular partition through the entire interior of the furnace. The 
axial-flow fan has such characteristics as to draw in the atmospheric gas on the outer 
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peripheral side witliout strongly agitating the gas and to blow out the gas in the axial 
direction (the direction toward the furnace bottom) and can therefore form circulating flows 
passing through generally fixed positions in the inner region and the outer peripheral 
region, thereby enabling the output (heat) of a particular heat source to be supplied to a 
particular zone. 

[0014] Moreover, in the hot-air circulation furnace of the present invention, preferably, a 
plurality of zones are formed in the furnace body and a heat source which is independently 
controllable is provided in correspondence with each zone. For example, a plurality of 
zones such as a heating zone and a soaking zone are provided and heat sources, e.g., 
burners are provided in correspondence with the zones. The outputs (amounts of 
combustion) can be separately controlled according to the temperatures in the zones, 
thereby making it possible to separately supply amounts of heat required with respect to 
the zones, e.g., the necessary amount of heat for the heating zone where the temperature 
drop caused by the heating-target newly thrown in is large and the necessary amount of 
heat for the soaking zone where the temperature drop is small. Thus, amounts of heat can 
be supplied such that the temperature of the hot gas supplied to the heating zone and the 
temperature of the hot gas supplied to the soaking zone are equalized or a desired 
temperature difference is set. 

[001 5] The formation of zones is achieved by forming circulating flows extending through 
substantially fixed positions. However, it can be achieved more easily and more reliably by 
placing a flow straightening member in a portion of circulating flow path, particularly in the 
vicinity of the axial-flow fan, e.g., in the vicinity of one of the drawing-in side or the 
blowing-out side of the axial-flow fan or both in vicinity of the drawing-in side and in the 
vicinity of the blowing-out side of the axial-flow fan. For example, the flow straightening 
effect is further improved by providing a flow straightening member along the circulating 
flow in the inner region inside the annular partition or in a space on the upstream side of 
the axial-flow fan, i.e., the outer peripheral region outside the annular partition. Therefore, 
the in-furnace atmospheric gas can circulate through generally fixed positions and a 
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plurality of zones can be easily formed. A flow straightening member having a surface 
parallel to the flowing direction of the circulating flow may suffice. A partition for region 
portioning or a guide may function as a suitable flow straightening member. 

[0016] Preferably, in the hot-air circulation furnace in accordance with the present 
invention, a partition is provided inside the annular partition for supplying the hot gas blown 
out from the axial-flow fan to the heating-target mount while increasing the velocity of part 
of the hot gas by reducing the opening of the space in the inner region at the outlet side 
relative to the opening of the space at the inlet side. In this case, the hot air blown out from 
the axial-flow fan is uniform in flow rate. The hot air is introduced at a rate according to the 
opening area at the inlet side of the partition and is blown out through the outlet-side 
opening, the opening area of which is smaller than the inlet-side opening area. Therefore, 
the hot air is blown out below the heating-target mount at a velocity increased according 
to the amount of reduction in the outlet-side opening area, and moves upward by passing 
through the heating-target mount shelf. That is, part of the hot air can form a partial region 
in which the velocity of the circulating flow is increased relative to that in the other region. 

EFFECT OF THE INVENTION 

[0017] As is apparent from the above description, the axial-flow fan can be installed by 
utilizing a dead space at a center of the hot-air circulation furnace of the present invention. 
Thus, the space in the furnace can be effectively utilized and the furnace can be made 
compact by eliminating an unnecessary space. Moreover, since the annular heating-target 
mount is placed at the outer periphery of the rotating hearth, the heating-target mount shelf 
of the maximum length can be constructed to enable treatment on a large amount of 
heating-target for the installation area of the furnace. 

[0018] In the hot-air circulation furnace of the present invention, in-furnace circulation of 
hot gas is caused by the axial-flow fan such that the gas is made to circulate generally 

fixed positions without largely agitating the atmosphere at the outer periphery of the fan 
and the circulation is therefore uniform in flow rate, thus achieving uniform heating. 
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Moreover, since the hot-air circulation furnace of the present invention is a continuous 
furnace in which heating-targets are tal<en out one by one after increasing the temperature 

of the heating-target to be a predetermined point during one revolution of the heating-target 
mount, the thermal efficiency of the furnace is high and the treatment time is short. 

[0019] Further, the output of a particular burner can be supplied to a particular zone. 
Therefore, a necessary amount of heat can be applied to a necessary place to form a 
desired in-furnace temperature distribution. 

[0020] According to the present invention, a plurality of zones can be formed in the furnace 
and independently controllable heat sources can be provided in correspondence with the 
zones. For example, a plurality of zones such as a heating zone, a soaking zone may be 
provided; heat sources, e.g., burners may be provided in correspondence with the zones; 
and the outputs (amounts of combustion) of the heat sources may be independently 
controlled according to the temperatures of the zones, thereby making it possible to 
separately supply amounts of heat required with respect to the zones, e.g., the necessary 
amount of heat for the heating zone where the temperature drop caused by the 
heating-target newly thrown in is large and the necessary amount of heat for the soaking 
zone where the temperature drop is small. That is, amounts of heat can be supplied such 
that the temperature of the hot gas supplied to the heating zone and the temperature of 
the hot gas supplied to the soaking zone are equalized or a desired temperature difference 
is set. Therefore, the time required for increasing the temperature of the heating-target to 
a predetermined point can be effectively reduced, while the size of the furnace is small. 
Also, a heating pattern and a kind of heat treatment freely selected can be realized by 
performing temperature control on a zone-by-zone basis. 

[0021] In the rotating-hearth-type hot-air circulation furnace in accordance with the present 
invention, a partial region can be formed in which the velocity of a circulating flow is 

increased relative to that in other regions. Accordingly, in heating based mainly on 
convection heat transfer, a heating zone and a soaking zone can be formed while using 
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a circulating gas operating at a fixed temperature. Tine lieating zone and the scalding zone 
can be set witliout providing a large thermal head. Therefore, the present invention 
enables, in particular, heating or heat treatment on a heating-target such as an aluminum 
alloy with which it is difficult to set a large thermal head, and is suitable for T6 heat 
treatment on an aluminum alloy for example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a front view of a hot-air circulation furnace of the present invention, 
showing the principle of the invention; 

[0023] FIG. 2 is a side view of the hot-air circulation furnace; 

[0024] FIG. 3 is a plan view of the hot-air circulation furnace; 

[0025] FIG. 4 is a perspective view of the hot-air circulation furnace; 

[0026] FIG. 5 is a central longitudinal sectional view of an embodiment of application of the 
hot-air circulation furnace of the present invention to an aluminum 16 heat treatment 
furnace; 

[0027] FIG. 6 is a cross-sectional view of the T6 heat treatment furnace; 
[0028] FIG. 7 is a plan view of the T6 heat treatment furnace; 
[0029] FIG. 8 is a front view of the T6 heat treatment furnace; and 
[0030] FIG. 9 is a front view of a conventional heat treatment furnace. 
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DESCRIPTION OF SYMBOLS 

[0031] 1 Furnace body 

[0032] 2 Hearth 

[0033] 3 Peripheral wall 

[0034] 4 Roof 

[0035] 5, 5' Heat source 

[0036] 6 Outer peripheral region 

[0037] 7 Inner region 

[0038] 8 Annular partition 

[0039] 9 Lower path 

[0040] 10 Upper path 

[0041] 11 Axial-flow fan 

[0042] 1 2 Partition for zone separation 

[0043] 1 6 Soaking zone 

[0044] 17 Heating zone 

[0045] 20 Charging opening 

[0046] 21 Extraction opening 

[0047] 22 Heating-target accommodation space 

[0048] 23 Heating-target mount 

[0049] 24 Heating-target mount shelf 

[0050] 25 Partition 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0051] The present invention will be described in detail with respect to a mode of 
implementation thereof with reference to the drawings. 

[0052] FIGS. 1 to 4 are diagrams schematically showing the principle of implementation 
of a hot-air circulation furnace of the present invention. This hot-air circulation furnace is 

a continuous furnace in which a hearth 2 portion of a furnace body 1 is formed of a turn 
table; pieces of material to be heated (not shown) (referred to as "heating-target" in this 
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specification) are placed on a heating-target mount 23 installed on the hearth 2; 
predetermined heating is completed during one rotation of the hearth 2; and the 
heating-targets can be taken out one after another at a revolution completion point. 

[0053] The furnace body 1 is formed of members made of a fire/heat-resistant material or 
the like: a cylindrical peripheral wall (side wall) 3, a roof 4, and the hearth 2 separate from 
the peripheral wall 3 and the roof 4 and rotatable. Heat sources 5 are provided outside the 
peripheral wall 3. The peripheral wall 3 surrounding the rotating hearth 2 and the roof 4 are 
mounted and fixed on a furnace supporting structure not shown in the figure. 

[0054] The interior of the furnace is partitioned into an outer peripheral region 6 where the 
heating-target mount 23 are installed and an inner region 7 provided inside the outer 
peripheral region 6, the regions 6 and 7 being separated by an annular partition 8. The 
annular partition 8 is provided so as to form upper and lower paths 9 and 1 0 in the vicinity 
of the rotating hearth 2 and in the vicinity of the roof 4, respectively, at which a circulating 
flow is reversed, instead of completely partitioning the entire region between the hearth 2 
and the roof 4. That is, the sections of the furnace separated as the inner region 7 and the 
outer peripheral region 6 by the annular partition 8 communicate with each other through 
the lower path (opening) 9 in the vicinity of the hearth 2 and the upper path (opening) 1 0 
in the vicinity of the roof 4, thereby enabling a gas to circulate between the outer peripheral 
region 6 and the inner region 7 when caused to flow by driving an axial-flow fan 1 1 . 

[0055] The axial-flow fan 1 1 is provided at a center of the furnace body in the vicinity of the 
roof 4 while being directed toward the hearth 2. The axial-flow fan 1 1 draws in a hot gas 
in a direction from the outer periphery of the fan toward a center and blows out the gas 
toward the hearth 2, thereby forming circulating flows flowing radially from the center of the 
furnace body through inner region 7 - lower path 9 - outer peripheral region 6 - upper 
path 1 0 - inner region 7 in the entire interior of the furnace. The axial-flow fan 1 1 has such 
characteristics as to draw in the atmospheric gas on the outer peripheral side without 
strongly agitating the gas and to blow out the gas in the axial direction (the direction toward 
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the bottom of the furnace) and can therefore form circulating flows passing through 
generally fixed positions in the inner region 7 and the outer peripheral region 6. The 

circulating flows extend through certain routes and heat supplied through the routes is 
applied to certain places. That is, the circulating flows form zones. 

[0056] The formation of zones is achieved by forming circulating flows extending through 
substantially fixed positions. In addition, a suitable partition or a guide may be placed in a 
portion of each circulating flow path, particularly in the vicinity of the axial-flow fan, e.g., in 
the vicinity of one of the drawing-in side or the blowing-out side of the axial-flow fan or both 
in the vicinity of the drawing-in side and in the vicinity of the blowing-out side of the 
axial-flow fan to further improve the flow straightening effect and to enable zones to be 
formed more easily and reliably. For example, a partition extending along the circulating 
flow may be provided in the inner region inside the annular partition or a partition may be 
provided in a space located upstream of the axial-flow fan, i.e., in the outer peripheral 
region outside the annular partition, to further improve the flow straightening effect and to 
thereby enable the atmospheric gas in the furnace to circulate through generally fixed 
positions, thus enabling a plurality of zones to be easily formed. Thus, even though only 
one axial-flow fan is provided, zones can be easily separated if a partition or a guide is 
provided. 

[0057] Therefore a partition may be provided in the inner region 7 inside the annular 
partition 8 as a flow straightening member for reliably separating zones as required. In this 
embodiment, partitions 12 which narrow an opening on the outlet side relative to an 
opening on the inlet side through which the circulating flow flows in are mounted to the roof 
4 by means of a cover 1 3 for the axial-flow fan 1 1 . In this case, the angle 63 of the outlet 
opening of the inner region 7 defined by the partitions 1 2 in the vicinity of the hearth [[4]] 
2 is reduced relative to the angle 61 of the inlet opening of the inner region 7 in the vicinity 
of the roof 4 to increase the circulating gas flow velocity by the reduction in the opening 
area, thus enabling part of the high-temperature gas blown out from the axial-flow fan 1 1 
to be supplied to the heating-target mount 23 while increasing the flow velocity thereof. If 
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there is no need to change the flow velocity (heated condition) of the circulating flow in an 
Internal portion of the furnace, and if there is only a need for more definite zone separation, 
partitions for straight partitioning (not shown) such that the inlet opening angle 61 and the 
outlet opening angle 63 are equal to each other are used. 

[0058] A cylindrical member 14 for closing a dead space at a center of the furnace is 
placed at the dead space to prevent the flow from being disturbed. 

[0059] The annular partition 8 in this mode of implementation is suspended from the roof 
4 by utilizing the cover 13 for the axial-flow fan 1 1 mounted to the roof 4. That is, the 
annular partition 8 is suspended, for example, by means of three stays 15 in the form of 
plates from the cover 1 3 in the form of an inverted cone covering a bearing portion of the 
roof 4 on which the rotating shaft of the axial-flow fan 1 1 is supported. Further, the radial 
partitions 1 2 placed along a diametric direction are mounted inside the annular partition 8, 
and the cylindrical member 14 for closing the dead space at the center of the furnace is 
suspended from the roof 4 by being attached to the partitions 1 2 inside the partitions 1 2. 
The annular partition 8, the partitions 12 and the cylindrical member 14 are connected to 
each other by welding or riveting and integrally mounted to the furnace body 1 by means 
of the cover 1 3 attached to the roof 4. The cylindrical member 1 4 and the annular partition 
8 are placed coaxially with the rotational center of the hearth 2. Therefore, it is not 
necessarily required that the cylindrical member 14 and the annular partition 8 be 
supported by being mounted to a stationary member on the furnace body side, e.g., the 
roof 4, while it is necessary for the partitions 1 2 for zone separation to be set in a fixed 
position independent of the rotation of the hearth 2. That is, in some case, the cylindrical 
member 1 4 and the annular partition 8 may be installed so as to stand on the hearth 2. The 
conical cover 1 3 and the stays 1 5 smooth the flow of the in-furnace atmospheric gas 
introduced into the axial-flow fan 1 1 without disturbing the same and thereby achieve a flow 
straightening effect. 

[0060] In the hearth 2, a reversing portion 28 for smoothly reversing the downward hot air 
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flow so that the downward flow is converted into an upward flow is provided in annular form 
along the annular partition 8 between the outer peripheral region 6 and the inner region 7. 
In this mode of implementation, the reversing portion 28 is formed as a recessed portion 
semicircular in transverse section. The reversing portion 28 of the hearth 2 is formed in a 
region other than a peripheral portion and a central portion of the hearth 2 by considering 
installation of the heating-target mount 23 and the flowing position of the circulating flow. 
The reversing portion 28 is provided so that its outer edge is positioned outside a center 
of the heating-target mount 23 and its inner edge is positioned in the vicinity of the 
cylindrical member 1 4 closing the dead space at the center of the hearth 2, and so that hot 
air moves upward substantially from the center of the heating-target mount 23. The 
reversing portion 28 may alternatively be formed by providing a skirt in the cylindrical 
member 14 as an upwardly bent semicircular portion. In such a case, a recessed portion 
simpler in shape and uniform in depth may suffice as the portion other than the outer 
peripheral portion of the hearth 2 in the fire/heat-resistant material constituting the hearth 
2. As a result, the facility with which the hearth 2 is manufactured is improved. The skirt 
portion is formed of the same material as that of the cylindrical member 14, combined 
integrally with the cylindrical member 1 4 by welding for example and installed on the hearth 
2 together with the cylindrical member 14. 

[0061] On the rotating hearth 2 in the outer peripheral region 6, the annular heating-target 
mount 23 is provided along the peripheral wall 3. The heating-target mount 23 is provided 
with a heating-target mount shelf 24 which is at least a simple shelf with no outer peripheral 
wall, on which a heating-target is placed so as to be loadable and extractable outwardly 
in a diametric direction (radial direction), and through which the circulating flow can pass 
along a vertical direction. Preferably, heating-target mount shelves 24 are provided in a 
plurality of stages. The number of heating-targets processable at a time is increased in 
correspondence with the number of shelves to enable high-volume processing. Preferably, 
partitions 25 for maintaining vertical hot-air flow paths between the plurality of 
heating-target mounts [[24]] 23 are provided on the heating-target mount 23. In this mode 
of implementation, partitions 25 are radially placed on the annular heating-target mount 23 
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to partition the heating-target mount 23 in the circumferential direction to provide 
heating-target accommodation spaces 22. Since a small leak of hot air is not a problem 
with the zone partitions, a simple structure in which thin iron plates are inserted in vertical 
grooves or slits extending from the hearth 2 toward the roof 4 may suffice. This support 
permits free expansion of the partitions 25. For example, partitions 25 formed of steel 
plates are expandably supported by being inserted in steel channels disposed at the inner 
and outer sides of the heating-target mount 23 and extending vertically or in slits or the like 
opened in the vertical direction. Needless to say, each of the components disposed in the 
furnace, including the heating-target mount 23, the annular partition 8, the partitions 1 2 for 
zone separation and the cylindrical member 14, is formed of a suitable material, e.g., 
heat-resisting steel according to the temperature and the composition of the circulating hot 
gas. The independent heating-target accommodation spaces 22 are formed on the shelves 
at positions corresponding to each other in the vertical direction to provide vertical 
communication paths. Hot air moving upward therein can be regulated so as not to flow 
into any of the adjacent heating-target accommodation spaces 22, thereby maintaining the 
circulating flows passing through generally fixed positions as a whole even if the circulating 
flows are disturbed by contact with the heating-target. In this way, zone separation is 
further facilitated even though only one axial-flow fan is provided. 

[0062] Each heating-target mount shelf 24 is made of a gas permeable material or has a 
gas permeable structure to enable hot air to smoothly pass therethrough. Preferably, the 
shelf is formed, for example, of rods disposed by being spaced apart from each other in 
a diametric direction or in a circumferential direction or both in the diametric direction and 
in the circumferential direction, a mesh work, or a punched metal plate. Further, in some 
case, only frame members forming an outer peripheral portion and an inner peripheral 
portion of the heating-target mount shelf 24 may be provided to support two ends of each 
piece of heating-target, i.e., an inner end and an outer end. That is, the heating-target 
mount shelf 24 may be formed of a double ring structure having an outer peripheral ring 
and an inner peripheral ring only. If such a heating-target mount shelf capable of 
supporting heating-targets without any basket is provided, the need for the amount of heat 
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for heating a basket is eliminated and an improvement in fuel consumption rate and a 
reduction in heating-target temperature rise time can be achieved. Also, the need for the 
basket manufacturing and maintenance costs is eliminated. 

[0063] A charging opening 20 and an extraction opening 21 for enabling putting in and 
taking out of the heating-target are provided in the peripheral wall 3 of the furnace body 1 . 
Preferably, the charging opening 20 and the extraction opening 21 are provided in 
correspondence with the heating-target mount shelf 24 in each stage of the heating-target 
mount 23. In this case, it is possible to charge or extract each of heating-targets when 
necessary by opening only the corresponding heating-target accommodation spaces 22. 
Thus, the thermal loss caused at the time of charging or extraction of the heating-target is 
reduced. Further, preferably, the charging opening 20 and the extraction opening 21 are 
respectively provided with doors 26 and 27 which is independently openable and closable, 
and a space between the charging opening 20 and the extraction opening 21 is set so as 
to have at least one heating-target accommodation space 22 of the heating-target mount 
23. In this case, direct communication between the charging opening 20 and the extraction 
opening 21 can be prevented more reliably, and adjacency between the heating-target the 
temperature of which has been increased as desired and that will be immediately extracted 
and the low-temperature heating-target that has just been charged can be avoided to limit 
the reduction in temperature due to the low-temperature heating-target of the 
heating-target that will be immediately extracted. In some case, however, the charging 
opening 20 and the extraction opening 21 may be placed adjacent to each other without 
providing a spacing. In some case, the charging opening 20 and the extraction opening 21 
may be combined in one common opening provided in one place. Further, one door 
containing doors provided in correspondence with the heating-target mount shelves 24 
may be provided. Even in a case where the charging opening 20 and the extraction 
opening 21 are placed adjacent to each other by being spaced apart from each other by 
a distance smaller than the spacing corresponding to one heating-target accommodation 
space 22, the charging opening 20 and the extraction opening 21 can be separated from 
each other to a certain extent if the partition 25 exists between the two openings 20 and 
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21. 



[0064] A burner is preferably used as the heat source 5. In some case, however, a radiant 
tube or an electric heater may be used. In a case where a burner is used, the burner is 
placed outside the peripheral wall of the furnace body and installed so as to jet a 
combustion gas substantially along a line tangent to the circumference of the axial-flow fan 
placed at the center of the furnace body. If in this case a circulating flow generated in the 
furnace is separated into flows in a plurality of zones, it is preferable to provide the burner 
5 as a heat source in correspondence with each zone and to enable the outputs of the 
burners to be controlled independently of each other. In this case, the atmospheric gas in 
the furnace can circulate by passing certain places and the output of a particular one of the 
burners can be supplied to a particular one of the zones. A temperature setting can be 
made with respect to each zone, or a necessary amount of heat can be supplied to each 
zone to prevent occurrence of a temperature difference between the zones. 

[0065] In the heating zone 17 and the soaking zone 16, temperature sensors, e.g., 
thermocouples 1 8 and 1 9 are provided to measure the temperature of the circulating gas 
immediately before the gas is supplied to the heating-target mount 23 in the outer 
peripheral region 6. The corresponding heat sources 5 are controlled so that the circulating 
gas temperatures detected with the thermocouples 18 and 19 become equal to set 
temperatures. 

[0066] In the hot-air circulation furnace constructed as described above, a heating-target 
is charged through the charging opening 20 onto the shelf 24 of the heating-target mount 
23, is exposed to hot air passing through the heating-target mount shelf 24 and rising while 
rotating through one revolution in the furnace, has its temperature increased to a 
predetermined point by exposure to the hot air, and is thereafter taken out through the 
extraction opening 21 adjacent to the insertion opening 20. 

[0067] The hot air circulated by the axial-flow fan 1 1 passes generally fixed positions in the 
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inner region 7 and the outer peripheral region 6 under certain effects including the flow 
straightening effect of the partitions 1 2 and heats the heating-target, and the temperature 
of the hot air is again increased to the predetermined point by heating with the heat source 
5 or by mixing with the hot air supplied from the heat source 5. The amount of heat 
required with respect to each zone can be supplied. For example, flows of hot gas can be 
supplied to the zones while equalizing the temperatures thereof or setting a predetermined 
temperature difference therebetween. 

[0068] At this time, since the partitions 12 are formed for constriction such that the outlet 
opening angle 63 is smaller than the inlet opening angle , the amount of hot air 
according to the inlet-side opening area of the partitions 1 2 in the hot air uniformly blown 
out from the axial-flow fan 1 1 is introduced and is blown out from the bottom of the 
heating-target mount 23 while the velocity of the hot air is increased according to the 
amount of reduction in the outlet-side opening area. That is, part of the hot air can form a 
partial region in which the velocity of the circulating flow is increased relative to that in the 
other region. In the heating temperature region in which convection heat transfer is 
dominant, therefore, the heating zone 1 7 and the soaking zone 1 6 can be formed by virtue 
of the flow velocity difference even though the circulating gas controlled at the same 
temperature is used. That is, the heating zone 17 and the soaking zone 16 can be set 
without providing a large thermal head. Needless to say, it is possible to set a temperature 
difference between the flows of hot air and to supply the flows of hot air with the set 
temperature difference. Further, it is possible to supply the flows of hot air while setting a 
temperature difference and a velocity difference. As a result, the time required to increase 
the temperature of the heating-target to the predetermined point can be shortened. 

EMBODIMENT 

[0069] FIGS. 5 to 8 show an example of implementation of the hot-air circulation furnace 
of the present invention as an aluminum T6 heat treatment furnace. This 
rotating-hearth-type aluminum T6 heat treatment furnace is a continuous furnace in which 
a hearth 2 is mounted on a turn table 31 ; a heating-target mount 23 is installed on the 
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hearth 2; T6 heat treatment on a heating-target on the heating-target mount 23 is 
completed while the hearth is rotated through one revolution by the rotation of the turn 
table 31 ; and heating-targets thus heat-treated can be taken out one after another. 

[0070] A furnace body 1 is formed of members made of a fire/heat resistant material: a 
cylindrical side wall (peripheral wall) 3, a roof 4, and the rotating hearth 2 separate from the 
peripheral wall 3 and the roof 4. A gap is formed between an outer rim of the rotating 
hearth 2 and an inner peripheral surface of the peripheral wall 3 to avoid contact 
therebetween. A sand seal 30 is provided at the gap. 

[0071] The hearth 2 has an annular recessed portion formed in concentric-circle form in 
its surface forming a furnace bottom. A reversing portion 28 for converting hot air blown 
toward the hearth 2 into an upward flow is thereby formed integrally with the hearth 2. The 
reversing portion 28 is an annular recessed portion formed in a region of the hearth 2 other 
than a peripheral region and a central region and having an inside surface sloping 
comparatively gently and a vertical outside wall surface rising vertically with a slight 
outward deviation from the position corresponding to a center of the heating-target mount 
23. The reversing portion 28 guides, from the sloping surface to the vertical wall surface, 
hot air flowing downward in the space between a cylindrical member 14 closing a central 
dead space of the furnace and an annular partition 8 to smoothly reverse the flow of the 
hot air, thereby converting the flow of hot air into an upward flow flowing- upward from a 
position substantially right below the heating-target mount 23. 

[0072] The turn table 31 is supported horizontally rotatably on a supporting structure 
member 38 by using a thrust bearing 32 and an angular radial bearing 33 in combination. 
A drive mechanism 34 for the turn table 31 is constituted by a chain 35 fixed on a 
circumferential rim of the turn table 31 , a sprocket 36 meshing with the chain 35, and a 
geared motor 37 for driving the sprocket 36. The turn table 31 on which the chain 35 is 
fixed is rotated by the rotation of the sprocket 36. The rotating hearth 2 and the 
heating-target mount 23 on the turn table 31 are thereby rotated. The rotating drive 
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mechanism 34 and a drive mechanism for transporting the heating-target do not exist in 
the furnace. Also, a mechanism for putting in and talking out the heating-target does not 
exist in the furnace. Therefore, these mechanisms are not exposed to a high temperature 
and have improved drive stability. Also, it is not necessary to use high-temperature 
component parts for the mechanisms. Therefore, the equipment cost is reduced. The angle 
of rotation of the hearth is determined by the number of heating-targets existing in the 
furnace. The peripheral wall 3 surrounding the rotating hearth 2 is installed and fixed on 
the supporting structure member 38 of the furnace. 

[0073] A charging opening 20 and an extraction opening 21 for enabling putting in and 
taking out of the heating-target are provided adjacent to each other in the peripheral wall 
3 of the furnace body 1 in correspondence with a heating-target mount shelf 24 in each 
stage so as to be independently openable and closable. The charging opening 20 and the 
extraction opening 21 are respectively provided with doors 26 and 27 which is 
independently openable and closable. A spacing in which one heating-target 
accommodation space 22 of the heating-target mount 23 exists is set between the charging 
opening 20 and the extraction opening 21 to prevent adjacency between the heating-target 
the temperature of which has been increased as desired and that will be immediately 
extracted and the low-temperature heating-target that has just been charged. Thus, 
consideration is given to prevent a reduction in temperature of the heating-target 
immediately before extraction due to the influence of the low-temperature heating-target. 
Each of the doors 26 and 27 is turnably attached to the peripheral wall 3 of the furnace 
body by a hinge 39 and is opened and closed by drive with an actuator 40. 

[0074] Burners 5 and 5' are used as a heat source. Each of the burners 5 and 5' is installed 
on the peripheral wall 3 of the furnace body so as to jet a combustion gas substantially 
along a line tangent to the circumference of an axial-flow fan 1 1 placed at a center of the 
furnace body. The burners 5 and 5' are placed in a heating zone 1 7 and a soaking zone 

1 6, respectively, and are arranged so that the burner outputs are independently controlled 
by means of a controller not shown in the drawings, according to the temperatures in the 
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zones 1 7 and 1 6 detected with temperature sensors (not shown) also provided in the 
zones. 

[0075] The axial-flow fan 1 1 that blows out the in-furnace gas toward the hearth 2 is 
installed to the roof 4 of the furnace body. A motor 41 for the axial-flow fan 1 1 is mounted 
outside the peripheral wall 3 to drive in a chain drive manner a shaft 42 of the axial-flow fan 
1 1 projecting outside the furnace. Reference numeral 43 in the figure denotes a chain 
cover. 

[0076] The interior of the furnace is separated into an outer peripheral region 6 and an 
inner region 7 by the annular partition 8, and paths 9 and 1 0 in which circulating flows are 
reversed in the vicinity of the hearth 2 and in the vicinity of the roof 4, respectively. The 
heating-target mount 23 is installed in the outer peripheral region 6. 

[0077] The heating-target mount 23 is provided with annular heating -target mount shelves 
24 in a plurality of stages (e.g., 3 to 5 stages) with no outer peripheral walls, on which 
heating-targets are placed so as to be loadable and extractable in a radial direction. The 
heating-target mount 23 is installed along the peripheral wall 3 on the rotating hearth 2 in 
the outer peripheral region 6. The heating-target mount shelves 24 are constructed by 
radially arranging metallic rods 44 in the form of a drain board with constant pitches. A 
circulating flow can pass through each heating-target mount shelve 24 along a vertical 
direction. 

[0078] The heating-target mount 23 is provided with partitions 25 which extend through the 
heating-target mount shelves 24 in a vertical direction, and independent heating-target 
accommodation spaces 22 separated by vertical partitions are formed on each shelf so 
that hot air flowing in each heating-target accommodation space 22 does not flow into any 
other heating-target accommodation space 22. Since a small leak of hot air is not a 
problem with the partitions 25, thin iron plates are freely expandably supported by being 
inserted in grooves in steel channels (not shown) vertically disposed. 
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[0079] Partitions 1 2 partitioning the space in the inner region 7 into a space communicating 
with the heating zone 1 7 in the outer peripheral region 6 and a space communicating with 
the soaking zone 16 are disposed Inside the annular partition 8. The partitions 12 are 
provided to bisect hot gas blown out from the axial-flow fan 1 1 Into the Inner region 7 while 
setting the Inlet opening angle on the side of the space communicating with the heating 
zone 1 7 to 1 80 ° and reducing the outlet opening angle 02 in the vicinity of the hearth 4 to 
120° to increase the flow velocity of the circulating gas according to the amount of 
reduction in the outlet opening area, thereby enabling the hot gas to be supplied to the 
heating zone 1 7 at a velocity higher than the velocity at which the hot gas is supplied to the 
soaking zone 16. In this way, hot gas circulation through the heating zone 17 where 
throwing In of a large amount of heat and high-velocity hot gas circulation are required for 
rapidly Increasing the temperature, and hot gas circulation through the soaking zone 16 
saturated in terms of amount of heat are performed by one circulating fan 1 1 . 

[0080] In the furnace of this embodiment, each of the doors 26 and 27 is opened and 
closed through control of the actuator 40 and the heating-target can be put in or taken out 
by being moved straight to or moved straight back from the charging opening 20 or the 
extraction opening 21. Therefore, charging of the heating-target in the furnace and 
extraction of the heating-target can be performed by a robot and a piece of auxiliary 
equipment such as a charging and extracting conveyor can be removed. 

[0081] In the thus-constructed aluminum T6 heat treatment furnace, hot air supplied from 
the burners 5 and 5' is blown out from the axial-flow fan 1 1 into the inner region 7 formed 
as a space Inside the annular partition 8, moves downward In the annular partition 8 along 
the annular partition 8, passes through the path 9 in the vicinity of the rotating hearth 2 
flows out of the outer peripheral region 6 outside the annular partition 8, and heats the 
heating-target while passing through the heating-target mount shelves 24 of the 
heating-target mount 23 and moving upward. The hot air is again heated by the heat 
sources 5 and 5' or Is mixed with hot air supplied from the heat sources 5 and 5' so that 
the temperature of the hot air is increased to the set point. The hot air Is thereafter drawn 
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into the axial-flow fan 11, thus forming circulating flows circulating between the outer 
peripheral region 6 and the inner region 7 through the entire interior of the furnace. At this 
time, since certain circulations of the atmospheric gas in the furnace are effected, the 
output of a particular one of the burners can be supplied to a particular one of the zones, 
that is, the output of the heating zone burner 5 can be supplied to the heating zone 1 7 and 
the output of the soaking zone burner 5' to the soaking zone 16. Then, the output of the 
heating zone burner 5 and the output of the soaking zone burner 5' are independently 
controlled according to the temperatures of the zones to separately supply the necessary 
amount of heat for the heating zone 17 where the temperature drop caused by the 
heating-target newly thrown in is large and the necessary amount of heat for the soaking 
zone 1 6 where the temperature drop is small, while equalizing the temperature of the hot 
gas supplied to the heating zone 1 7 and the temperature of the hot gas supplied to the 
soaking zone 16. 

[0082] At this time, in the heating temperature region in which convection heat transfer in 
aluminum T6 heat treatment is dominant, the heating zone 1 7 and the soaking zone 1 6 can 
be formed by virtue of the flow velocity difference in the circulating gas even though the 
circulating gas at a fixed temperature is used. Thus, the heating zone and the soaking zone 
can be set without providing a large thermal head. 

[0083] Consequently, hot air can be blown in ideal flows to the heating-target at the outer 
periphery of the hearth;the heating power by convection heat transfer is improved; heating 
time differences between heating-targets are reduced; and the total temperature rise time 
is reduced. 

[0084] The embodiment has been described as a preferred example of implementation of 
the present invention. However, the present invention is not limited to the described 
embodiment. Various changes and modifications can be made in the described 
embodiment without departing the gist of the invention. For example, while the embodiment 
has been described with respect to an example of application to a basketless 
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rotating-hearth-type aluminum alloy heat treatment furnace, the present invention is not 
limited to this; the present invention can be implemented in a case where heat treatment 
is performed on a heating-target put in a basket, and can be applied to heat treatment on 
a nonferrous alloys other than aluminum alloys, heat treatment on steel, and the like. 
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